ABSTRACT Childhood obesity is nowadays a concern in the developing world. This cross-sectional study was conducted on 501 randomly selected students from 10 high schools in an urban setting in Hyderabad, Pakistan. Children who were underweight were excluded. Interviews were conducted to determine demographic data, dietary intake, physical activity and other variables that may be associated with obesity. Overall 58 students (12%) had body mass index (BMI) ≥ 95th percentile, 40 (8%) BMI ≥ 85th percentile and 403 (80%) had BMI < 85th percentile (WHO age-and sex-specific cut-offs). The prevalence of obesity was higher in boys than girls (15% than 8% respectively). In multivariate regression analysis significant risk factors for obesity/overweight were male sex, middle socioeconomic status, poor self-rated athletic ability, trying to lose weight and eating fruit < 4 times per week. Childhood obesity is determined by factors in the home, school and society and a multidisciplinary approach is needed to prevention.
Introduction
Globally at least 20 million children under the age of 5 years were estimated to be overweight in the year 2005 [1] and studies on childhood obesity show a prevalence of obesity ranging from 5% to 20% in various settings [2] [3] [4] . Changing dietary patterns, sedentary lifestyles and a decline in physical activity are believed to contribute to the worldwide obesity epidemic among both adults and children. Although the problem of adult obesity has already received some attention in research in Pakistan [5, 6] , the subject of obesity among children has only recently gained attention [7] [8] [9] [10] . Pakistan has an estimated prevalence of childhood obesity between 15% to 20% [11] . The proportion of obese and overweight children in Karachi was found to be 6% and 19% respectively [9] . Being a low-income country, Pakistan faces the double burden of communicable and noncommunicable diseases and obesity is a major risk factor for the rising epidemic of cardiovascular diseases and diabetes mellitus [12] .
Socioeconomic status seems to be a factor in obesity. In developed countries obesity seems to be more common among poorer communities, where family influences on foods eaten and physical activity levels are directly correlated with rising trends of obesity [13] . In Pakistan, however, it was observed that obesity was associated with higher socioeconomic status, whereas among lower socioeconomic status children undernutrition was more likely to be a problem [10] . A high quantity of meat eaten by children is also believed to be associated with childhood obesity and children are increasingly exposed to such foods in urban Pakistan [10] . Other factors that have been implicated are parental obesity and diabetes [14] , lack of attachment with parents [15] and genetic and environmental factors [16] .
This study was carried out to understand and quantify the factors within the school, home and overall social environment that could be responsible for the growing burden of obesity in our child population. Few studies have been done to ascertain the type and amount of exercise or the types of foods in the home and school environment that could contribute toward an abnormal weight gain in children in the Pakistani context. The study was designed to help formulate recommendations for preventing obesity in an urban setting of a developing country. We specifically aimed to estimate the prevalence of and factors associated with obesity among schoolchildren in classes 6 to 10 of government and private schools in a sub-district of Hyderabad city.
Methods

Study design and setting
This was a cross-sectional study, conducted over a 6-month period from 1 January 2008 to 30 June 2009 in an urban sub-district of Hyderabad city (Talukas). According to 1998 census (the most recent census held in Pakistan) the population of Hyderabad was 1 166 894, which was estimated to have almost doubled due to rapid urbanization and high population growth.
Sample size
We calculated the sample size for 2 population proportions using Epi-Info, version 6. For associated factors 31% prevalence of mothers of non-obese schoolchildren with low education, 24% prevalence of non-obese schoolchildren in the upper socioeconomic status and 17% prevalence of non-obese children of working mothers (expected frequency of disease among nondiseased) were considered [17] . The variable mother's education gave the largest sample of all the independent variables. To determine the association of mother's education with obesity in children we took a confidence level of 95%, power of 80%, the ratio of exposed children (whose mothers are illiterate) to unexposed children (children whose mothers have at least 5 years of education) and the prevalence of obesity among children of educated mothers of 31% and the sample size was determined as 336. Using a design effect of 1.5 for adjusting for the complex sampling technique the final sample size was estimated to be 504.
Sampling technique
Students in classes 6 to 10 in the selected public and private schools were eligible for the study. Children who did not consent and those who were not present on the day of the survey were excluded; in the latter case the next student on the list was recruited. It was determined through the Hyderabad district education office that there were about 212 private and 10 government schools which were eligible for the study. The enrolment was 90% in private and 10% in government schools at the start of the survey. However, the male to female enrolment is almost equal in both types of schools. Therefore the sample size of 504 was divided among public and private schools according to the probability proportional to size of students in schools in the city. In the next stage the remainder of the sample was divided among male and female students. Two public and 8 private schools were taken through simple random sampling. Finally, the students were selected from the list of the students from the classes through random sampling.
Informed consent was taken before the interviews, from the parent of each child and the purpose of the survey was conveyed to them. The study was approved by The Aga Khan University ethics review committee.
Data collection tools
A questionnaire was used to collect data on sociodemographic variables, variables in the school environment
Data analysis
The dependent variable was dichotomous, i.e. overweight and/or obese versus normal weight. Data was entered to Epi-data, version 3.1 and the analysis was performed using SPSS, version 16.0. Descriptive analysis was run to calculate means and standard deviations (SD) for continuous variables. Proportions were calculated for categorical variables such as level of education of parents, sex and type of school. Univariate logistic regression analysis was done followed by the multivariate logistic regression analysis. For associations multiple logistic regression analysis was run to adjust for confounders.
Results
Data were available for 501 children (255 boys and 246 girls); 3 data sheets were incomplete and were excluded from the analysis. Table 1 shows the frequency of the main sociodemographic variables. The mean age was 13.8 (SD 1.6) years.
A total of 58 students (12%) were obese and 40 (8%) were overweight according to WHO age and sex-specific cut-offs. Figure 1 shows that more boys than girls were obese (15% versus 8%) and similar proportions were overweight (both 8%).
Results of the univariate analysis showed that there were no statistically significant differences in the rates of obesity comparing students in private and government schools (P = 0.548), students who did and did not participate in games outside school (P = 0.552) and students who did and did not participate in games in school (P = 0.170).. Those who were eating at fast food outlets rather than at home were significantly more likely to be obese (P = 0.007). Children aged 12+ years were less likely to be obese compared concerning physical activity of the students, students' self-rated athletic ability, dietary practices at school, parental/ home factors promoting obesity among children and students' dietary intake. For the assessment of the type and quantity of foods routinely eaten, we adapted an adult food frequency questionnaire for children and the respondents were asked to recall their dietary intake of various local foods in the previous week and the frequency of consumption of fruits, vegetables, starches and dairy foods (times per week) was calculated. To judge the students' ability to understand their weight status and possible actions being taken they were asked "what are you trying to do about your weight" and this was scored as: doing nothing about weight, trying to lose weight or trying gain weight. Students were asked about their athletic ability in comparison to other students of their age and they rated themselves on a scale as: excellent, good, fair or poor. The physical activity questionnaire was adapted from the Youth Physical Activity Survey questionnaire of the School Health Action, Planning and Evaluation System (SHAPES) study [18] . The questionnaire was translated into the principal local language and was pretested and simplified.
To determine the prevalence of overweight and obesity among the students weight and height were measured using calibrated electronic scales and a heightometer. Weight was measured to nearest kg and height to the nearest cm. WHO age- and sex-specific growth reference charts were used as cut-off points and ≥ 85th and ≥ 95th percentile (BMI kg/height 2 ) was considered equivalent to overweight and obesity respectively. The prevalence of underweight was not assessed as undernutrition was not the focus of this study.
Any potential bias in the study was minimized through training of data collectors on height and weight measurement tools and questionnaire administration without any probing. with those in the lower age bracket (P = 0.053).
Multivariate analysis
The results of the multivariate analysis after adjusting for age, sex and socioeconomic status are summarized in the Table 2 . Normal weight was kept as the reference category. Independent variables that were significant on the univariate analysis but were not statistically significant on multivariate analysis are not shown on the table: school gives awards in noncompetitive sports (P = 0.123); ate lunch at a restaurant in last week (P = 0.22); and food frequency variables, specifically dairy foods (P = 0.21), starch (P = 0.846) and vegetables (P = 0.095).
Boys showed a higher risk of obesity compared with girls and this significant relationship was retained in the multivariate model. Specifically, girls were 67% less likely to be obese than boys (OR = 0.33). Also those in the older age groups were more protected against obesity than those in the younger age groups. For instance, those in the 14.5-15.3 year age range were 82% (OR = 0.18) less obese than those in the 9.4-12.2 year age range. However, these data were borderline insignificant for the age variable (P= 0.061). Those in the middle socioeconomic status tertile were 3.43 times more likely to be obese than those in the lower tertile (P = 0.004).
Similar to the univariate analysis the multivariate analysis showed that those who wanted to lose weight were 7.75 times more likely to be overweight or obese than those who wanted to gain weight, stay with the same weight or did not do anything about their weight. The results for this were highly significant (P < 0.001). Those who rated themselves poor in athletic ability were 5.50 times (P < 0.001) more likely to be obese. Finally, those who were eating fruit ≥ 4 times a week were 55% (OR 0.45) less likely to be obese than those who ate < 4 times a week (P = 0.02).
Discussion
A high prevalence of overweight and obesity among the study sample (8% and 12% respectively) was an important finding of our study. The prevalence of obesity was higher among boys than girls (15% and 8% respectively). The high prevalence of overweight and obesity was found among this sample of Pakistani children clearly shows that the childhood obesity epidemic is becoming evident in our country. As the study sample was taken from a typical and developed urban setting of one of the largest cities of Pakistan the findings of the study can be generalized to similar population groups.
This prevalence of obesity among these schoolchildren is consistent with, or even higher than, similar studies in other regions of the world. For instance the prevalence of obesity among Turkish children in the Netherlands aged 3-16 years was 13.1% and 10.7% among boys and girls respectively [19] . In a study in Vietnam the prevalence of overweight and obesity was estimated to be 20.5% and 16.3% respectively and these figures are similar to ours [20] . In most of these studies the boys were more likely to be overweight and obese than girls. The higher risk of overweight and obesity in boys in our study was retained in the multivariate model and the relationship was highly statistically significant. Boys in Pakistan are likely to have more access to different types of foods outside the home and have more opportunities for exercise, play and recreation, whereas girls suffer from restrictions of social mobility in our society as they grow older.
In developing countries overweight and obesity is increasingly a phenomenon among affluent and mostly urban societies. For instance, a recent publication from India using data from the National Family Health Surveys (1992 to 2006) showed that those in the higher income classes were more likely to be obese than those in the lower income groups [21] . In our study children in the middle socioeconomic tertile were 3.43 times more likely to be obese than those in the lower tertile.
On the other hand, the upper tertile was less likely to be obese than the lower tertile. A possible explanation for the occurrence of the high prevalence of obesity among the middle income group and absence of obesity among the children belonging to the lower and upper income class is that the lower income group has minimal purchasing power as far as fast-foods particularly energy-dense foods is concerned, while the upper social classes may be more aware of the role of diet and the physical activity and remaining fit. Studies show that children with higher than normal BMI are more likely to have low self-esteem and less satisfaction with their bodies as well as with their academic achievement [22] . The results of our study also showed a similar trend. For instance, children who rated themselves as poor athletes were 5.50 times more likely to be obese than those who rated themselves excellent athletes. We also showed that children trying to lose weight were 7.75 times more likely to be obese. Other studies have shown that obese children are more aware of their weight status and a high proportion of them wanted or attempted to lose weight [23, 24] .
As far as diet is concerned data from our multivariate model agrees with other scientific evidence that diet, in this case intake of fruit, protects against obesity [25] . The dietary intake data showed that students who ate fruit more than 4 times a week were 55% less likely to be obese than those who did not.
Conclusions
This study provides further evidence of the increasingly high burden of overweight and obesity among children living in an urban area of Pakistan. Obesity prevalence was highest among boys, children belonging to middle-income families and those in the younger age groups. The determinants of obesity may lie within the home and school environment. Children who were poor in sports and those who wanted to lose weight were significantly more likely to be obese, indicating that there is an unmet need as far as sports opportunities is concerned. Finally, the consumption of fruits was associated with protection against obesity and may be an indicator of healthier eating in daily life. Parents, schools, education department, urban planners and other stakeholders need to take steps to promote physical activity and healthy eating among schoolage children in Pakistan.
